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© Optical assay: method and apparatus. 



© Optical assay apparatus (Figure 2) of the type 
comprising an optic waveguide (1; V; 1") and a 
coating (7; T) sensitized to a specific assay species. 
Light signal response is enhanced by coupling a 
resonant metallic medium (17; 17\ 17") to the 
waveguide fP; 1") and to the sensitized coating (7; 
7*). To this end a metal coated transparent buffer 
layer (17) may be interposed between the 
waveguide (1') and the sensitized coating (7). Alter- 
natively (Figure 3), a metallised optically matched 
grating (17 f ) can be used in place of the buffer layer 
(17); or, the metallic medium (Figure 4) can be of 
particulate form, each particle (17") having a sensi- 
tized coating T. 
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OPTICAL ASSAY: METHOD AND APPARATUS 



TECHNICAL FIELD 

The present invention concerns optical assay 
and relates in particular to a method and apparatus 
for detecting and/or monitoring or quantifying the 
presence and/or behaviour of specific assay molec- 
ular species in test fluid samples. The invention 
has application to, for exam pien m m unoassay -the 
detection of antibodies, antigens, or hormones in 
blood samples; pollution monitoring; and, to the 
monitoring of clinical diagnostic reactions involving 
eg. enzymes and the like. 

BACKGROUND ART 

Immunoassay techniques in. the past have of- 
ten required a complete schedule of analytical 
steps for species separation and identification. 
More recently, however, techniques have been de- 
veloped to obviate the need for bulk separation. 
These latter rely on "in-situ" separation at the 
surface of a sensitized detector. Thus, for example, 
it is already known to detect the presence of anti- 
gens in blood samples by causing these antigens 
to be attracted into an adsorbing layer of a sub- 
stance containing the appropriate antibody species, 
this layer lying adjacent to the gate of an insulated^ 
gate field-effect transistor (IGFET) -a Chem-FET, 
so called. The current flow between the source and 
the drain of this transistor is modified in the pres- 
ence of antigens in a test sample to which the gate 
layer is exposed. The transistor current is thus 
continuously monitored to detect the presence of 
antigens, and after test the transistor is disposed 
of. 

There are however, limitations in the respon- 
sivity of such Chem-FET devices, and the high 
cost of such disposable devices mitigates against 
widespread adoption- 
More recently, sensitive, and possibly lower 
cost, optical assay techniques have been pro- 
posed. See for exampIer-Proceedings of 2nd Op- 
tical Fibre Conference (Stuttgart 1984) page 75; 
"Detection of Antibody -Antigen Reactions at a 
Glass-Liquid Interface as a Novel Optical Im- 
munoassay Concept", FLM.Suthenand, et al, of the 
Biomedical Group, Batteiie, Geneva, Switzerland - 
(1 984). In accordance with the technique that they 
describe, the complimentary antibody is covaientiy 
immobilized onto the surface of a planar or fibre 
optical waveguide. The reaction of immobilized 
antibody with antigen in sample solution is de- 
tected using the evanescent wave component of a 
light beam, totally internally reflected many times 



within the waveguide. This evanescent wave has a 
characteristic penetration depth of a fraction of a 
wavelength into the aqueous phase, thus optically 
interacting with substances bound to or very dose 

s to the interface and only minimally with the buflc 
solution. The efficiency of this technique depends 
thus on tight confinement of the evanescent wave 
relative to the interface and this in turn requires a 
large differential in the value of refractive index 

w each side of the interface. 

DISCLOSURE OF THE INVENTION 

The present invention is intended as an after- 
75 native to that described above, is aimed at tight 
confinement of interactive power relative to the 
sensitized layer, but without necessary resort to a 
coupling medium of such high refractive index as 
aforesaid. 

20 I** accordance with this invention, therefore, 

there is provided an optical assay method compris- 
ing the following steps: 

providing a coated metallic medium, the coating 
25 thereof being sensitized for a specific assay spe- 
cies; 

generating in the metallic medium a resonant sig- 
nal at optical frequency, the power of this signal 
30 extending into the sensitized coating; 

providing coupling between said resonant signal 
and a monitored optical beam; 

35 exposing the coated metallic medium to a fluid 
assay sample; and, 

measuring any changes in the optical beam to 
detect a response to the presence of the specific 

<w assay species in the fluid sample. 

In the aforesaid method tight confinement is 
achieved at the interface between the metaffic me- 
cfium and the coating. This medium may be, for 
example, a continuous metal film, and the resonant 

45 signal a surface piasrnon wave. Alternatively, the 
metaffic medium may be in the form of a cfisper- 
sion of tine metal particles or a finely cfivided 
broken metal film, the resonant signal in this tetter 
case resulting from Wie resonance. In both cases 

so the resonant signal power is confined dose to the 
surface of the metallic medium. It is therefore high- 
ly sensitive to the structure immecfiateh/ adjacent to 
the surface and its sensitivity to, and penetration 
into, the sample bulk, effectively reduced. 
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In accordance with one aspect of this invention, 
therefore, there is provided an optical assay ap- 
paratus comprising: 

a light source; 

a light detector; 

a propagating medium arranged relative to the 
source and detector for directing light from the 
source onto the detector, 

a buffer medium of optically less dense material 
adjacent to a surface of the propagating medium; 

a metallic medium, having the form of a continuous 
metal film, on the surface of the buffer medium 
remote from the propagating medium, and, 

a coating, adjacent to the metallic medium, sensi- 
tized for a specific assay species. 

In the above apparatus a plasmon surface 
wave is generated in the metallic medium by frus- 
trated total internal reflection of the light beam 

incident from the . source. .As alternative. to.Jthis 

method of wave coupling and generation, and in 
place of the buffer medium, the surface of the 
propagating medium may have the form of a grat- 
ing of appropriate pitch with the metal'film being 
formed directly thereon. 

In accordance with an alternative aspect of this 
invention, there is provided an optical assay ap- 
paratus comprising:- 

a light source; 

a light detector; 

a propagating medium, arranged relative to the 
source and the detector, for directing light from the 
source onto the detector; and, 

a dispersion of fine metal particles, each contact 
with a material sensitized for a specific assay spe- 
cies. 

In this latter apparatus the resonance in the 
fine metal particles (Mie resonance) involves a cur- 
rent pattern in each particle with a tightly confined 
associated external field. 

The particles may be distributed in a solution - 
(eg. as a colloid) or may be confined to the surface 
otthe propagating medium as a broken metal film. 
In each case optical excitation and detection is 
relatively straight forward, involving simply an ap- 
propriate incident optical beam. 



BRIEF INTRODUCTION OF THE DRAWINGS 

In the accompanying drawings: 

5 Figure 1 is a cross-section view of known 

optical assay apparatus. 

Figures 2 to 4 are cross-section views of 
alternative optical assay apparatus each em- 
w bodying the features of this invention; and. 

Figure 5 is a schematic diagram to illustrate 
attenuation profiles for surface plasmon wave 
and evanescent optical wave for the appara- 
15 tus of Figure 2 preceding. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

20 Embodiments of the invention will now be de- 

scribed, by way of example only, with reference to 
the drawings accompanying this specification. 

In Figure 1 there is shown a known form of 
optical assay assembly in which light from a 

25_. source is. directed into a planar waveguide 1 by 
means of a first coupling prism 3 and propagated 
by multiple total internal reflection to exit by means 
of a second coupling prism 5 where it is directed 
onto a light detector D. The external surface of the 

30 waveguide 1 is provided with a sensitized organic 
coating 7. This latter is exposed to a sample liquid 
9 which is contained by means of a flow cell 11 
and gasket 13 arrangement. In the coating 7, anti- 
body material is covalently immobilised and this 

35 responds to any specific antigen material in the 
sample liquid to which it is exposed. The 
waveguide is of fused quartz material and this 
provides a large differential in optical density be- 
tween the quartz waveguide 1 (high refractive index 

40 n,) and the adjacent coating 7 (low refractive index 
n a ). Light is totally internally reflected within the 
body of the waveguide 1, a portion of the optical 
power, however, propagating as an evanescent 
wave in the coating medium 7. The binding of 

45 antigen by the immobilized antibody is monitored 
by a resultant increase in the light absorbtion mea- 
sured at the detector D. 

In the apparatus shown Figure 2, light of an 
appropriate frequency is directed from a source S 

so onto a photodetector D via a propagating medium 

V -a prism (as shown) or an optical waveguide. 
The reflecting surface of this propagating medium 

V is covered by a thin spacer layer, a buffer 
medium 1 5 of optically less dense material and this 

55 latter carries a thin layer metallic medium, a con- 
tinuous metal film 17. This metal film 17 is coated 
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with an organic layer 7, a layer sensitized for the 
specific assay species for which the apparatus is 
designed. The organic layer may comprise of, or 
may incfude. for example, an antigen for a specific 
antibody. In the course of use, the organic layer is 
exposed to a sample fluid 9. In operation, a surface 
plasmon is generated and sustained in the metallic 
medium 17. The power for this is supplied by 
frustrated total internal reflection of the light beam. 
The wave amplitude profiles for the light beam I, II 
and for the plasmon wave III are shown in Rgure 5 
as a function of displacement In this figure, re- 
gions are delineated for the coating layer 7, the 
metallic medium 17, the buffer medium 15 and the 
propagating medium 1*. As shown, the light beam 1 
corresponds to an evanescent wave II in the buffer 
medium 15. Coupling is provided between this 
latter and the plasmon wave HI. The plasmon wave 
is tightly confined near to the surfaces of the metal- 
lic medium 17, as can be seen from the tail por- 
tions of the profile Hi of the plasmon wave. The 
thickness of the buffer medium is determined as an 
optimal solution. If too thick, the coupling is inorcB- 
nateiy weak. If too thin, power losses are exces- 
sive. The metal film thickness is also chosen as 
optimal. If too thick the coupling is likewise too 
weak, and if too thin the plasmon energy is not 
confined as tightfy as desired for this application. 



Typical materials and layer thickness are given 
below: 

Organic layer 7 ~ 100 A thick; 

5 

Metal Aim 17 100-400 A dependant on metal cho- 
sen; 

Buffer layer 15 -low refractive index, low optical 
70 absorbtive material -eg. evaporated magnesium 
fluiride; 



Propagating medium -of relatively high refractive 
index -eg. flint glass (n = 2). 

Alternative coupling may be employed, using 
for example an optical grating. In the alternative 
apparatus shown in Rgure 3 the reflecting surface 
of a prism 1 " is formed as a grating 19 and a metal 
Aim 17* deposited cfirectJy onto the surface of this 
grating 19. The grating 19 may be defined in the 
material of the prism 1", or for convenience of 
construction, may be provided as a bonded com- 
ponent The pitch A ,,'of the grating is chosen to 
provide a match between the plasmon wave of 
wavelength A 2 and a Tight beam of appropriate 
wavelength A > The wavelength, -pitch relationship 
for ideal matching is given as> 
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Referring now to the apparatus shown in Rgure 
4, the metallic medium is provided as a colloid of 
fine metal particles 17" each of which has a sensi- 
tized organic coating 7*. These particles are ar- 
ranged so that they settle upon the reflecting sur- 
face of the propagating medium, prism 1\ 

The presence of assay species may be de- 
tected and/or monitored by measuring changes in 
the absorbtion or polarisation of the monitored light 
beam. The interaction will depend on the frequency 
and angle of incidence of the fight beam. Thus 
source S and detector D may be singular compo- 
nents mechanically scanned over a range of an- 
gles, or may each comprise an extended array 
each component being electrically addressed to 
simulate a scan. Alternatively, the source S and 
detector D may be set up in an optical static 
configuration. In certain applications, Raman scat- 
tering phenomena may be exploited, and assay 
species detected by monitoring frequency shift. 
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Claims 



1. An optical assay method comprising the follow- 
ing 



providing a coated metallic medium, the coating 
thereof being sensitized for a specific assay spe- 
cies; 

45 

generating in the metallic mecfium a resonant sig- 
nal at optical frequency, the power of this signal 
extending into the sensftized coating; 

so providing coupling between said resonant signal 
and a monitored optical beam; 

exposing the coated metallic medium to a fluid 
assay sample; and, 



measuring any changes in the optical beam to 
detect a response to the presence of the specific 
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assay species in the fluid sample. 

2. An opticai assay apparatus (Figure 2) compris- 
ing: 

5 

a light source (S); 
a light detector (D); 

a propagating medium (1") arranged relative to the io 
source (S) and detector (D) for directing light from 
the source (S) onto the detector (D); 

a buffer medium (15) of optically less dense ma- 
terial adjacent to a surface of the propagating me- is 
dium (1'); 

a metallic medium (17), having the form of a con- 
tinuous metal film, on the surface of the buffer 
medium (15) remote from the propagating medium 20 
(V); and. 

a coating (7), adjacent to the metallic medium (17), 
sensitized for a specific assay species. 

25 

3. An optical assay apparatus (Figure 3) compris- 
ing:- 

a light source (S): 

30 

a light detector (D); 



a propagating medium (1 ") arranged relative to the 
source (S) and detector (D) for directing light from 
the source (S) onto the detector (D); 

an optical grating (19) at the surface of the propa- 
gating medium (1"); 

a metallic medium (17*), having the form of a 
continuous metal film, on the surface of the optical 
grating (19); 

and, 

a coating (7), adjacent to the metallic medium - 
(17*), sensitized for a specific assay species. 

4. An optical assay apparatus (Figure 4) compris- 
ing> 

a tight source (S); 
a light detector (D); 

a propagating medium (1*), arranged relative to th 
source (S) and the detector (D), for directing light 
from the source (S) onto the detector (D); and, 

a dispersion of fine metaJ particles (17"), each 
coated with a material (7') sensitized for a specific 
assay species. 
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© Optical assay: method and apparatus. 



© Optical assay apparatus (Figure 2) of the type 
comprising an optic waveguide (1: V; 1") and a 
coating (7; 7') sensitized to a specific assay species. 
Light signal response is enhanced by - coupling a 
resonant metallic medium (17; 17'; 17") to the 
waveguide (V; 1") and to the sensitized coating (7; 
7*). To this end a metal coated transparent buffer 
layer (17) may be interposed between the 
waveguide (1') and the sensitized coating (7). Alter- 
natively (Figure 3). a metallised optically matched 
grating (17') can be used in place of the buffer layer 
(17); or. the metallic medium (Figure 4) can be of 
particulate form, each particle (17*') having a sensi- 
tized coating T. 
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